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AIM: Pectus excavatum (PE) is a common congenital chest wall deformity that can impair cardiopulmonary function. While minimally
invasive Nuss surgery is widely recognized for its cosmetic benefits, its early effects on cardiopulmonary performance are still unclear.
This study aimed to investigate the changes in restrictive breathing patterns and cardiac parameters in the early postoperative period.
METHODS: A retrospective analysis was performed on 97 patients (26 females, 71 males) treated for pectus excavatum with a Haller in-
dex (HI) >3.25 at the Department of Thoracic Surgery between October 2008 and July 2020. Spirometric measurements were performed
to assess lung function, including forced expiratory volume in one second (FEV1) and forced vital capacity (FVC). Cardiac parameters
such as left ventricular ejection fraction (EF) and right ventricular diameter (RVD) were determined using transthoracic echocardiogra-
phy. The examinations were performed preoperatively and six months postoperatively.

RESULTS: Significant improvements were observed in FVC (68.3% to 75.4%, p =0.01) and EF (55.2% to 62.8%, p = 0.02) after the Nuss
surgery, while the changes in FEV1 (p = 0.07) and RVD (p = 0.09) were not statistically significant. A subgroup analysis by HI severity
showed that patients with moderate HI (3.25—4.0) had significantly higher preoperative (p = 0.0001) and postoperative (p = 0.0007) FVC,
as well as preoperative (p = 0.004) and postoperative (p = 0.002) EF compared to those with severe HI (>4.0). Differences in AFVC
(p = 0.15) and AEF (p = 0.20) between the groups were not statistically significant. Notably, FEV1 showed greater improvement in
the moderate group (p = 0.035). An age-based analysis showed that patients under 18 years had significantly higher preoperative (p =
0.003) and postoperative (p = 0.002) FVC and postoperative EF (p = 0.008), though AFVC (p = 0.33) and AEF (p = 0.25) did not differ
between age groups. Although FEV1 increased more in younger patients, this difference was not significant (p = 0.06). Gender-based
analysis demonstrated that female patients had significantly higher preoperative (p = 0.02) and postoperative (p = 0.05) FVC, as well
as postoperative EF (p = 0.03), compared to male patients. Although some parameters did not reach significance, the trends suggest
potential long-term cardiopulmonary benefits.

CONCLUSIONS: Nuss surgery leads to a significant improvement in FVC and EF, especially in younger patients and those with moderate
HI deformities. Although some changes were not statistically significant, the overall trends suggest potential long-term cardiopulmonary
benefits. Further studies are needed to confirm these results and evaluate long-term outcomes.
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function tests

syndrome and Ehlers-Danlos syndrome, suggesting a link
to abnormalities in connective tissue metabolism. About

Introduction

As the most prevalent congenital chest wall deformity, pec-
tus excavatum (PE) is characterized by an inward depres-
sion of the sternum toward the chest cavity, manifesting
more frequently in males. Although the etiology is still un-
clear, PE is strongly associated with a genetic predisposi-
tion and connective tissue abnormalities. This is reflected
in the frequent coexistence with conditions such as Marfan
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40% of PE cases have a family history, and mutations in the
FBNI1 gene, which codes for fibrillin-1, have been associ-
ated with reduced mechanical strength of connective tissue.
This weakening increases the flexibility of the chest wall
and favors deformities. Pathologically, abnormal cartilage
and rib growth can lead to an inward displacement of the
sternum [ 1-4].

While mild cases of PE are often considered a cosmetic
problem, severe cases can significantly affect respiratory
and cardiac function by compressing the heart and lungs.
Symptoms such as shortness of breath, fatigue, chest pain,
and palpitations affect quality of life [5,6].
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In 1998, Dr. Donald Nuss introduced the minimally inva-
sive Nuss procedure, which has since become the standard
procedure for PE treatment. In this procedure, the defor-
mity is corrected by inserting steel bars under the sternum
and repositioning the chest wall anatomically. Compared
to conventional open surgery, the Nuss procedure offers
numerous advantages, including a shorter recovery time,
less post-operative pain, and a better cosmetic result. Meta-
analyzes report success rates of over 90% in improving res-
piratory and cardiac function as well as high patient satis-
faction [7-9].

Pulmonary function tests (PFTs) are crucial for the objec-
tive assessment of lung capacity and airway function. In
this study, forced expiratory volume in one second (FEV1)
and forced vital capacity (FVC) were used as the main PFT
parameters. FEV1 measures the volume of air exhaled in
the first second of forced breathing, while FVC quantifies
the total maximum exhaled air volume. Cardiac function
was assessed using transthoracic echocardiography (TTE),
a non-invasive imaging technique that provides a compre-
hensive overview of the structure and function of the heart
[10,11].

Using retrospective analysis, this study aims to evaluate the
early impact of Nuss surgery on respiratory capacity and
cardiac performance in patients with PE. The dual role of
Nuss surgery is emphasized in the study, which demon-
strates the efficacy of the procedure in achieving both cos-
metic and functional improvements. These findings are
consistent with the current literature.

Materials and Methods
Study Design and Scope

This retrospective study included 97 patients diagnosed and
treated for PE in the Department of Thoracic Surgery be-
tween October 2008 and July 2020. Patients with a Haller
index (HI) >3.25 were included to investigate the early ef-
fects of Nuss surgery on respiratory and cardiac function.

Selection of Patients

Inclusion criteria were the presence of a surgical indication
for PE, regular postoperative follow-up, and the availabil-
ity of complete data sets. Patients with significant cardiac
or pulmonary comorbidities, those for whom non-surgical
treatment was recommended, and those with incomplete
data were excluded. Of the original 120 patients, 23 were
excluded due to lack of surgical indication (10 patients), co-
morbid conditions (8 patients), or incomplete/unverifiable
data (5 patients). Thus, the final study population consisted
of 97 patients (26 females, 71 males) (Fig. 1).

Data Collection and Analysis

Patient demographics, diagnostic methods, surgical pro-
cedures, and postoperative outcomes were retrospectively
collected from hospital records. The HI was calculated
from chest CT scans using standard methods. Spiromet-
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Fig. 1. Flowchart illustrating the inclusion and exclusion pro-
cess for the study patients.

ric parameters, including FEV1 and FVC, were measured
preoperatively and six months postoperatively following
American Thoracic Society (ATS) and European Respira-
tory Society (ERS) standards [12]. Cardiac function param-
eters such as left ventricular ejection fraction (EF) and right
ventricular diameter (RVD) were determined using TTE.
Standardized protocols and equipment were used for all ex-
aminations to ensure consistency and reliability.

Surgical Method

All patients underwent minimally invasive Nuss surgery by
an experienced surgical team using video-assisted thora-
coscopy. Steel bars were placed under the sternum to cor-
rect the deformity and were left in place for two to four years
to ensure stabilization of the chest wall.

Postoperative Pain Treatment

The treatment protocol included the administration of
epidural analgesics or intravenous opioids during the initial
48-72-hour period. This was followed by the administra-
tion of oral analgesics, such as paracetamol or non-steroidal
anti-inflammatory drugs (NSAIDs). Patients also partici-
pated in guided breathing exercises and a tailored rehabil-
itation program to improve recovery and avoid complica-
tions.

In addition, individualized pain management protocols
were developed based on the patients’ specific needs. For
example, patients with a low pain threshold or opioid tol-
erance were offered multimodal analgesia, which included
infiltration with local anesthetics and supportive medica-
tion such as gabapentin. Pain intensity was monitored daily
using a visual analog scale (VAS), and treatment was ad-
justed accordingly. Psychological support was offered to
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selected patients to alleviate their anxiety. Regular one-
on-one meetings with healthcare providers ensured that pa-
tients adhered to their pain management plans. This indi-
vidualized approach has both improved patient satisfaction
and reduced pulmonary complications.

Postoperative Breathing Exercises

Within 24 hours of surgery, patients began breathing ex-
ercises, including incentive spirometry and diaphragmatic
breathing. These exercises were performed three to five
times daily during hospitalization under the supervision of a
physiotherapist. On discharge, patients were given detailed
instructions on how to continue these exercises at home.
During outpatient visits to the clinic, adherence to the exer-
cises was checked, and patients who adhered better to the
exercises showed a significant improvement in postopera-
tive lung function. This underscores the critical importance
of breathing exercises in optimizing cardiopulmonary re-
covery.

Statistical Analysis

The normality of the data was tested using Kolmogorov-
Smirnov and Shapiro-Wilk tests. Variables such as EF and
FVC met the normality assumption, whereas FEV1 did not.
Continuous variables were expressed as mean + standard
deviation (SD) if they followed a normal distribution or
as median and interquartile range (IQR) if they were not
normally distributed. Parametric tests (e.g., paired z-tests)
were applied to normally distributed data, whereas non-
parametric methods (e.g., Wilcoxon signed-rank test) were
used for non-normally distributed data.

Subgroup analyses were performed to assess the effects of
age, gender, and severity of the Haller index on the results.
Patients were categorized into groups (<18 years (n = 58)
or >18 years (n=39), and by gender (female: n=26; male:
n = 71). Based on the HI, patients were classified as mod-
erate (3.25-4.0; n = 54) or severe (>4.0; n = 43). Changes
in FVC, EF, FEV1, and RVD were analyzed preoperatively
and six months postoperatively using appropriate statistical
methods. Non-parametric subgroup data were analyzed us-
ing the Mann-Whitney U test, with effect sizes determined
by r and Cliff’s delta.

The sample size was calculated to ensure sufficient statis-
tical power (80%) with a significance level of o = 0.05. A
minimum number of 90 patients was set to detect signifi-
cant differences, which was achieved with the inclusion of
97 patients. All statistical analyses were performed using
IBM SPSS Statistics v26 (IBM SPSS Statistics, Chicago,
IL, USA), with results considered significant at a signifi-
cance level of p < 0.05 and reported with 95% confidence
interval (CI).

Table 1. Distribution of postoperative complications.

Type of complication n %
Minor wound infection 4 4.1
Pneumothorax 2 2.1
Pleural effusion 2 2.1
Bar displacement 2 2.1
Other (e.g., temporary skin numbness) 1 1.0
Total 11 11.3

n, number of patients.

Results
Demographic and Operational Data

The age of the patients ranged from 12 to 42 years, with
a mean age of 21.4 £ 6.5 years. Of the 97 patients in-
cluded, 26.8% were female (n = 26) and 73.2% were male
(n=71). The mean duration of surgery was 45 + 10.5 min-
utes (range: 25-65 minutes), and the mean postoperative
hospital stay was 4 + 0.8 days (range: 3-5 days).

The overall rate of postoperative complications was 11.3%,
including bar displacement (2.1%), pneumothorax (2.1%),
minor wound infection (4.1%), pleural effusion (2.1%) and
other minor complications (1.0%) (Table 1). No significant
late complications were observed at one week, one month,
three months, and six months postoperatively. None of the
patients required intensive medical care, and the postoper-
ative course was unremarkable in all cases.

General Results

Significant improvements in respiratory and cardiac func-
tion were observed after the Nuss operation. FVC in-
creased from 68.3% (95% CI: 67.27-69.33) preoperatively
to 75.4% (95% CI: 74.42—76.38) postoperatively, reflecting
an improvement of +10.4% (p = 0.01). Similarly, left ven-
tricular EF improved from 55.2% (95% CI: 54.34-56.06) to
62.8% (95% CI: 62.04—63.56) postoperatively, represent-
ing a +13.8% increase (p = 0.02). Although FEV1 showed
a postoperative increase from 74.5% [72.1-77.2] to 77.3%
[74.8-79.5], the change (+3.8%) did not reach statistical
significance (p = 0.07). Likewise, RVD decreased from
36.1 mm [35.2-37.5] to 34.5 mm [33.1-35.8], representing
a —4.4% reduction, though this change was also not statis-
tically significant (p = 0.09) (Table 2).

The postoperative improvements in FVC and EF are shown
in Fig. 2 and demonstrate a significant improvement in
these parameters. Although the changes in FEV1 and RVD
were not statistically significant, the positive trends ob-
served in these parameters are seen as evidence of the over-
all effectiveness of the surgical intervention. The error bars
in the figure represent standard deviations.

Subgroup Analyzes
Gender Differences

In Table 3, a comparison between male and female groups
shows differences in functional improvements. The female
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Table 2. Comparison of preoperative and postoperative values.

Parameter Preoperative (median [IQR] or Postoperative (median [IQR] Change (%) )4 t'Z
mean £ SD, 95% CI) or mean + SD, 95% CI)

FVC (%) 68.3 £ 5.2 (67.27-69.33) 75.4 £ 4.9 (74.42-76.38) +10.4 0.01* t=3.45

FEV1 (%) 74.5[72.1-77.2] 77.3 [74.8-79.5] +3.8 0.07f Z=-1.89

EF (% left ventricle) 55.2 4+ 4.3 (54.34-56.06) 62.8 + 3.8 (62.04-63.56) +13.8 0.02* t=4.12

RVD (mm) 36.1[35.2-37.5] 34.5[33.1-35.8] —4.4 0.09t Z=-1.67

Parametric data (FVC, EF) are presented as mean =+ standard deviation (mean £ SD) and 95% confidence interval (CI), while non-

parametric data (FEV1, RVD) are presented as median [interquartile range, IQR]. Paired #-tests were used for normally distributed

variables, and Wilcoxon signed-rank tests for non-normally distributed variables. For parameters that met the normality assumption

(FVC, EF), a dependent #-test was performed, while for parameters that did not meet the normality assumption (FEV1, RVD), the

TWilcoxon signed-rank test was used. *Statistical significance was set at p < 0.05.

IQR, interquartile range; SD, standard deviation; FVC, forced vital capacity; FEV1, forced expiratory volume in one second; EF,

ejection fraction; RVD, right ventricular diameter.

—8— Postoperative
80} P

-
-
-
-

60

Values (Mean % SD)

40t

30

FVC‘ (%) FEV:II. (%)

EF (% Left Ventricle)

Right Ventricle Diameter (mm)

Measured Parameters

Fig. 2. Changes in cardiopulmonary function after Nuss surgery: pre- and postoperative FVC (%), FEV1 (%), EF (%) and RVD

values (mm). *p < 0.05.

group had a higher FVC (76.5 = 4.7%) than the male group
(74.5 £ 4.9%) after the intervention, which is a statistically
significant improvement in both cases (p = 0.05). EF also
increased in both groups, in females from 56.2% [54.8—
57.5]t0 63.4+3.9% (p =0.03), in males from 54.4% [52.9—
55.8]t0 61.7 £ 4.1% (p = 0.05). The FEV1 value after the
intervention was also slightly higher in females at 78.8%
[76.5-80.2] than in males at 76.5% [74.9-78.0] (p = 0.05).
RVD showed a similar trend, decreasing in both groups,
from 36.0 mm [35.3-36.9] to 34.2 mm [33.5-35.3] in fe-
males and from 36.3 mm [35.5-37.2] to 34.7 mm [33.9—
35.5] in males (p = 0.07). These results indicate that al-
though both groups experienced statistically significant im-
provements, the extent of change differed between males
and females.
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Fig. 3 illustrates the gender-specific differences in the pre-
and postoperative values of FVC and EF. The dark blue bar
chart represents the increase in FVC (%), while the pink
dashed line chart shows the improvement in EF (%), with
the change being more pronounced in females. In addi-
tion, a light pink shaded area highlights the EF variations
between different groups. As FVC and EF are measured on
different scales, an approach with two vertical axes (FVC
on the left y-axis and EF on the right y-axis) was chosen
to represent both parameters accurately. There is only one
horizontal axis that categorizes the preoperative and post-
operative values by gender.
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Table 3. Comparison between female and male groups.

Parameter Female (median [IQR] or Male (median [IQR] or mean )4 t-value/Z-value
mean £ SD, 95% CI) =+ SD, 95% CI)

FVC (%) pre 70.3 + 5.2 (68.3,72.3) 67.8 + 5.4 (66.54, 69.06) 0.02* =234
FVC (%) post 76.5 + 4.7 (74.69, 78.31) 74.5 £ 4.9 (73.36, 75.64) 0.05* t=2.02
FEV1 (%) pre 75.0 [73.1-76.9] 73.5[72.0-75.1] 0.08 Z=-145
FEV1 (%) post 78.8 [76.5-80.2] 76.5 [74.9-78.0] 0.05 Z=-195
EF (%) pre 56.2 [54.8-57.5] 54.4 [52.9-55.8] 0.07+ Z=-145
EF (%) post 63.443.9(61.9, 64.9) 61.7 & 4.1 (60.75, 62.65) 0.03* t=2.16
RVD (mm) pre 36.0 [35.3-36.9] 36.3 [35.5-37.2] 0.09 =-1.55
RVD (mm) post 34.2 [33.5-35.3] 34.7 [33.9-35.5] 0.07 =-1.60

*The independent 7-test was used for parameters that fulfill the normality assumption (e.g., FVC, EF). 1The Mann-

Whitney U test was used for parameters that do not meet the normality assumption (e.g., FEV1, RVD, and preoperative

EF). Parametric data are expressed as mean =+ standard deviation (mean = SD) and 95% CI. Non-parametric data are

expressed as median [interquartile range, IQR]. Statistical significance threshold: p < 0.05. pre, preoperative; post,

postoperative.

| I FVC (%)

—— EF (%) ~67.5

-65.0
=62.5

-60.0

EF (%)

-5171.5

-55.0

=529

-50.0

Fig. 3. Changes in preoperative and postoperative FVC and EF. Pre, preoperative; Post, postoperative.

Age-Related Differences

Patients under 18 years of age showed greater improve-
ments in FVC and EF compared to older patients. FVC
increased from 70.5 £ 5.0% to 77.2 + 4.6% in the younger
group, while it improved from 67.3 £ 5.2% to 74.0 £ 4.8%
in the older group (p = 0.003 preoperatively, p = 0.002 post-
operatively). Similarly, EF increased from 56.2 4= 4.1% to
64.0 £ 3.8% in the younger patients and from 54.5 + 4.7%
to 61.8 £+ 4.0% in the older patients (p = 0.008 postoper-
atively). However, AFVC (p = 0.33) and AEF (p = 0.25)
showed no statistically significant differences between the
two groups. The FEV1 values also did not differ signifi-
cantly between the groups either preoperatively (p = 0.17)

or postoperatively (p = 0.06). Although RVD decreased
postoperatively in both groups, this change was not statis-
tically significant (p = 0.34) (Table 4).

Severity of the HI

Postoperative improvements in FVC, EF, and FEV1 were
observed in both groups; however, the differences between
the moderate and severe HI groups were different. Pa-
tients with moderate HI had significantly higher preoper-
ative and postoperative FVC and EF values than patients
with severe HI. Although AFVC and AEF showed numer-
ical differences (6.5 + 2.0% vs. 5.9 + 2.1%, p = 0.15
and 7.0 £ 2.3% vs. 6.4 £ 2.2%, p = 0.20, respectively),

527 Ann. Ital. Chir., 96, 4,2025
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Table 4. Age-dependent comparison of cardiopulmonary outcomes after Nuss surgery.

Parameter Under 18 years (n=58) 18 years and above (n = 39) P t'Z Cohen’s d
FVC (%) pre 70.5£5.0 673 +52 0.003* t=3.02 0.63
FVC (%) post 772 + 4.6 74.0 + 4.8 0.002* t=3.27 0.68
AFVC (%) 6.7 +2.1 63+1.9 0.33 t=0.98 0.20
EF (%) pre 56.2 + 4.1 545+ 4.7 0.06 t=1.85 0.38
EF (%) post 64.0 3.8 61.8+4.0 0.008* t=2.72 0.56
AEF (%) 7.8+22 734+2.0 0.25 t=1.16 0.24
FEV1 (%) pre 75.0 [72.8-76.9] 74.2[72.0-75.8] 017 Z=-137 -
FEV1 (%) post 78.8 [76.9-80.5] 76.5[74.7-78.2] 0.06 Z=-1.88 -
RVD (mm) pre 36.0 [35.3-37.0] 36.3 [35.6-37.5] 0.44 Z=-0.78 -
RVD (mm) post 34.2[33.4-35.5] 34.7[33.8-35.9] 0.34 =-0.96 -

Parametric data (FVC, EF) are expressed as mean =+ standard deviation (SD), and non-parametric data (FEV1, RVD)

are expressed as median [interquartile range, IQR]. A (delta) values represent the difference between postoperative

and preoperative measurements.

For normally distributed data, a dependent #-test was used for within-group comparisons and an independent #-test

for between-group comparisons. For non-normally distributed data, the Mann-Whitney U test was used.

Cohen’s d was calculated to measure the effect size (small: 0.2, medium: 0.5, large: 0.8).

Statistically significant differences were evaluated at p < 0.05 (*). Non-significant results (p > 0.05) indicate that

the observed changes did not reach statistical significance, although trends were identified.

these did not reach statistical significance. In contrast,
AFEV1 was significantly higher in the moderate HI group
(3.4%[2.8-4.0] vs. 2.5% [2.1-3.2], p=0.035), indicating a
more pronounced postoperative improvement in lung func-
tion. RVD decreased postoperatively in both groups, but the
change was not statistically significant (p =0.27). These re-
sults suggest that although both groups benefited from Nuss
surgery, patients with moderate HI exhibited a greater im-
provement in lung function, probably due to better thoracic
compliance and cardiopulmonary adaptation (Table 5).

Discussion

This study shows that Nuss surgery significantly improves
both respiratory and cardiac function, as evidenced by the
increase in FVC (from 68.3% to 75.4%) and EF (from
55.2% to 62.8%) [13]. These results emphasize the phys-
iological benefits of anatomical correction, including im-
proved lung expansion and reduced mechanical pressure on
the heart, which in turn alleviates cardiac workload. Ef-
fective postoperative pain management, including epidu-
ral analgesia and intravenous opioids in the first 72 hours,
played a critical role in facilitating early breathing exercises
and maintaining pulmonary ventilatory capacity [14,15].
This individualized approach not only improved patient
satisfaction but also minimized pulmonary complications,
highlighting the importance of multimodal pain manage-
ment strategies [16]. Future research should investigate al-
ternative pain management protocols to assess their long-
term impact on recovery and functional outcomes.

Postoperative breathing exercises play a key role in op-
timizing respiratory function and avoiding complications
such as atelectasis. However, differences in patient compli-
ance may have influenced lung function outcomes. Future
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research should focus on the development of standardized
compliance monitoring tools and personalized exercise pro-
grams to better assess their long-term effects.

The results of this study confirm the functional cardiopul-
monary benefits of Nuss surgery, particularly the signifi-
cant improvements in FVC and EF, while also indicating a
positive trend in FEV1 and RVD. These results are consis-
tent with previous study by Jaroszewski ef al. [17], which
showed that the procedure reduces mechanical pressure on
the heart and lungs, leading to improved physiological func-
tion.

Although the observed improvements in FEV1 and RVD
were not statistically significant, the overall trend suggests
that surgical correction may facilitate gradual cardiopul-
monary adaptation over time. Previous study have shown
that early postoperative pulmonary function tests may un-
derestimate the full benefit of surgery, as lung compliance
and respiratory muscle function continue to improve after
the 6-month follow-up period [18]. This is consistent with
the findings of Aronson et al. [18], who reported that FEV'1
and FVC tend to stabilize and continue to improve at longer
follow-up, highlighting the need for long-term monitoring.
From a cardiovascular perspective, the reduction in RVD
indicates potential relief of right ventricular compression,
although it did not reach statistical significance. However,
given that even small reductions in ventricular size have
been associated with improved hemodynamic efficiency
and reduced cardiac workload [19-21], these changes may
be clinically relevant. Future studies that include longitu-
dinal studies and advanced imaging techniques such as car-
diac MRI may provide deeper insights into the long-term
effects of Nuss surgery on cardiac function.
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Table 5. Changes in cardiopulmonary parameters depending on the severity of the Haller index after the Nuss operation.

Parameter HI moderate (n=154)  HI severe (n =43) P t'Z Cohen’s d
FVC (%) pre 712 +£4.38 67.1 £5.1 0.0001* t=4.03 0.83
FVC (%) post 76.9 £ 4.6 73.5+49 0.0007* t=3.49 0.72
AFVC (%) 6.5+£2.0 59+2.1 0.15 t=143 0.29
EF (%) pre 56.8 +£4.2 542+ 4.5 0.004* t=2.92 0.60
EF (%) post 63.8+£3.9 612 +4.1 0.002* t=3.17 0.65
AEF (%) 7.0+£23 6.4+£22 0.20 t=1.30 0.27
FEV1 (%) pre 74.9[72.5-76.8] 73.0 [71.4-74.6] 011 Z=-158 -
FEV1 (%) post 78.3[76.2-79.7] 76.1[74.3-77.8] 0.06 Z=-1.85 -
AFEV1 (%) 3.4[2.8-4.0] 2.5[2.1-3.2] 0.035%  Z=-2.10 -
RVD (mm) pre 36.4 [35.6-37.1] 36.1[35.4-36.9] 0.19 Z=-1.30 -
RVD (mm) post 34.1[33.3-35.0] 34.6 [33.8-35.4] 0.27 Z=-1.10 -

Parametric data (FVC, EF) are expressed as mean =+ standard deviation (SD), while non-parametric data

(FEV1, RVD) are expressed as median [interquartile range, IQR].

A (delta) values represent the difference between postoperative and preoperative measurements.
Moderate: Haller index (HI) 3.25-4.0; severe: HI >4.0.

For normally distributed data, a dependent ¢-test was used for within-group comparisons and an indepen-

dent #-test for between-group comparisons. For non-normally distributed data, the Mann-Whitney U test

was used.

Cohen’s d was calculated to measure the effect size (small: 0.2, medium: 0.5, large: 0.8).

Statistical significance was set at p < 0.05 (*). Non-significant results (p > 0.05), which means that the

observed changes did not reach statistical significance, although trends were observed.

No statistically significant changes in FEV1 or RVD were found between subgroups by gender, age, or

Haller index (p > 0.05).

Although the changes in FEV1 and RVD were not statisti-
cally significant, their positive trend suggests a possible role
in reducing cardiopulmonary stress. Even a modest reduc-
tion in right RVD may reduce cardiac compression, which
could lead to an improvement in hemodynamic efficiency
and overall quality of life over time. Similarly, the slight
increase in FEV1 suggests possible progressive respiratory
adaptation, particularly if pulmonary compliance and mus-
cle function continue to improve postoperatively. To better
understand the clinical relevance of these trends, future re-
search should focus on longer follow-up periods and larger
patient cohorts to determine whether these early postopera-
tive improvements result in sustained functional benefits.

A subgroup analysis revealed that female patients had
higher pre- and postoperative FVC and EF values com-
pared to male patients. Rather than experiencing greater
post-operative improvement, female patients maintained
their pre-existing advantage in lung and heart function af-
ter surgery. This pattern may be influenced by intrinsic
anatomic and physiologic factors, such as greater chest wall
compliance and possible hormonal influences. These find-
ings are consistent with previous study by Liu ef al. [6],
who reported better postoperative respiratory outcomes in
female patients. However, given the unbalanced sex dis-
tribution in many pectus excavatum studies, including this
study, further research with larger, sex-balanced cohorts is
essential to determine whether these differences are gen-
uinely sex-specific or driven by other confounding vari-

ables, such as baseline cardiopulmonary function and pre-
operative conditioning.

Age was another key factor for the postoperative outcome.
Patients younger than 18 years showed a greater increase in
FVC and EF, which may be due to greater chest wall flex-
ibility and improved cardiopulmonary adaptability. This is
consistent with the findings of Liu and Wen [22] and Wang
et al. [10], who reported that younger patients tend to expe-
rience more favorable functional improvements after Nuss
surgery. These benefits may be attributed to a more compli-
ant thoracic structure and greater physiologic adaptability,
which may allow for more efficient postoperative recovery.
While these results highlight the potential benefits of early
surgical intervention, larger prospective studies are needed
to validate the long-term effects of age on surgical out-
comes. Future studies should also consider the role of con-
comitant diseases such as connective tissue disorders (e.g.,
Marfan syndrome), which may affect both preoperative car-
diopulmonary function and postoperative recovery. In ad-
dition, long-term follow-up studies focusing on complica-
tions such as bar displacement, chronic pain, and recurrence
of deformities are crucial to assess the durability of the ben-
efits of the procedure. The development of tailored reha-
bilitation protocols for elderly patients or those with severe
deformities could further optimize postoperative recovery
and address potential issues related to reduced chest wall
compliance and slower physiological adaptation.
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Patients with moderate HI showed greater postoperative im-
provements in FVC and EF compared to those with severe
HI, suggesting that the extent of chest wall deformity may
influence the degree of functional improvement. As noted
by Gao et al. [4], severe deformities may impose biome-
chanical constraints that may limit the cardiopulmonary
benefits of surgical correction. However, despite these
challenges, clinically meaningful improvements were also
observed in patients with severe HI, highlighting the effi-
cacy of Nuss surgery in a wide range of deformity grades.
These results underscore the need for individualized post-
operative treatment strategies, especially for patients with
severe HI who may require additional rehabilitation inter-
ventions to maximize functional recovery. Tailored rehabil-
itation protocols, especially for older patients or those with
reduced thoracic structures, could help overcome biome-
chanical limitations and enhance postoperative adaptation.
Future research should focus on optimizing rehabilitation
techniques and identifying key predictors of long-term
functional improvement in patients with varying degrees of
HI severity.

The overall complication rate in this study was 11.3%,
in line with the 10-15% range reported in the literature
[23,24], which underlines the safety and reliability of the
Nuss procedure. Most complications, such as minor wound
infections (4.1%) and rod dislocations (2.1%), were effec-
tively managed via conservative treatment minimizing the
need for additional surgical interventions. These favor-
able results highlight the importance of multidisciplinary
postoperative care, including structured physiotherapy pro-
grams, which have been shown to promote recovery and
reduce complication rates [25].

While the early benefits of Nuss surgery are well docu-
mented, its long-term effects, particularly the durability of
cardiopulmonary improvements, require further investiga-
tion. A 10-year follow-up study by Jaroszewski et al. [17]
demonstrated sustained improvements in cardiac function,
suggesting that the benefits of the procedure extend well be-
yond the immediate postoperative period. However, these
results may vary depending on factors such as patient age
and severity of deformity, emphasizing the need for long-
term, large-scale studies with different patient populations.
Future research should also investigate the potential for late
complications such as bar displacement or residual stiffness
of the chest wall and evaluate how patient-specific factors
influence long-term surgical success.

Limitations of the Study

The main limitations of this study are the retrospective de-
sign and the short follow-up period, which focused on early
postoperative effects rather than long-term outcomes. Al-
though strict inclusion and exclusion criteria were applied
to minimize selection bias and ensure a homogeneous study
population and standardized instruments such as spirome-
try and transthoracic echocardiography were used to reduce
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information bias, the inherent limitations of a retrospec-
tive study remain. Future prospective studies with longer
follow-up periods are needed to validate these results and
provide more robust conclusions.

Suggestions for Future Research

Prospective studies with longer follow-ups are needed to
evaluate the long-term results of the Nuss procedure, es-
pecially its effects on different age groups. Future stud-
ies should focus on changes in cardiopulmonary parame-
ters such as FVC and EF over time, as well as age-related
effects on FEV1 and RVD. Regular follow-up at 6, 12,
and 24 months should include pulmonary function tests,
echocardiography, and, if necessary, cardiac magnetic res-
onance imaging (MRI). Future studies should also investi-
gate the long-term effects of Nuss surgery in patients with
severe HI (>4.0), focusing on the particular challenges of
cardiopulmonary recovery and the higher risk of compli-
cations. Quality of life assessments using validated instru-
ments such as the Short Form-36 Health Survey (SF-36) can
also provide valuable insight into the long-term benefits of
the procedure. Future studies should investigate the role of
rehabilitation protocols tailored to individual patient pro-
files, including age, gender, and baseline cardiopulmonary
function. Accordingly, subgroups that benefit most from
specific postoperative strategies could be identified. These
measures help identify late complications and contribute
to the optimization of surgical outcomes and postoperative
care.

Conclusions

This study emphasizes the positive effects of Nuss surgery
on cardiopulmonary function, especially on the improve-
ment of FVC and EF. The results suggest that younger pa-
tients and patients with moderate HI deformities may ex-
perience greater improvements, emphasizing the potential
benefits of early surgical intervention. Although postop-
erative changes were observed in several cardiopulmonary
parameters, further investigation is needed to determine the
long-term effects of these improvements. Future studies
should focus on refining patient selection criteria and eval-
uating the role of factors such as age, gender, and preop-
erative cardiopulmonary status on surgical outcomes. In
conclusion, Nuss surgery is a valuable intervention for im-
proving cardiopulmonary function in appropriate patients.
However, larger studies and long-term follow-up are essen-
tial to validate these results and optimize treatment strate-
gies.
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